© Versita Sp. z o.o. HPLC has been already used for the TAP estimation. Phenylalanine, salicylic, p-hydroxybenzoic (pHBA) or terephthalic (TPA) acids have been used as sensor compounds. Products of their reaction with the hydroxyl radicals, generated in the Fenton-like reaction, were analyzed using electrochemical or fluorescence detection. This paper describes the TAP assay based on the hydroxyl radicals reaction with pHBA, reversed-phase-HPLC separation and UV photometric detection. The elaborated assay has been used to evaluate TAP values of some apiculture products.
Introduction
Free radicals are usually more reactive than other chemical species because of the odd numbers of electrons [1] . The most dangerous radicals in biological systems, like the hydroxyls, are strong oxidants which can seriously damage biological cells and be responsible for numerous diseases (cardiovascular disease, neurodegenerative disease, cancer, cataracts, macular degeneration, rheumatoid arthritis) and aging of the living organisms [2] . Living organisms elaborate the defense systems. Antioxidant is defined as a substance (compound) that in small amounts inhibit the oxidation of other, usually biologically active, compounds. Commonly it is assumed that oxidation is induced by oxygen, free radicals or more generally reactive oxygen species (ROS). Therefore, sometimes the term antioxidants is interchangeably used with the term of "free radical scavenger." Not all radicals are oxidants. However, hydroxyl radicals are both free radicals and very strong oxidants (its standard potential equals 2.31 V) [3] . Usually, antioxidants are beneficial health compounds. The increased consumption of food that is rich in antioxidants, decrease the risk of the abovementioned diseases.
Free radicals as well as antioxidants can be determined using many techniques [4] . Among them is HPLC [5, 6] . Frequently, it is difficult to analyze all antioxidants in a sample because of technical problems and not knowing the real sample composition (like food product or blood serum/plasma). Additional problems cause interactions between particular antioxidants. Therefore, frequently it is much better to measure total antioxidant ability of the sample, defined as the sum of products of concentrations of all antioxidants in the sample multiplied by their rate constants with the free radicals [7] . This value is called the total antioxidant potential (TAP) although other names are also used [8] . It is identified by the sample antiradical activity because in biological samples, oxidants are usually free radicals or, more general, ROS.
As previously described, TAP assays, based on HPLC, used electrochemical or fluorescence detection [5, 6] . The limitation of using electrochemical detection is the electrode contamination. Sometimes, as is the case of real samples, it is necessary to clean it after every chromatogram registration. On the other hand, fluorescence detection is sensitive only for the limited number of compounds.
This paper shows the possibility of application of UV detection, i.e., the most popular and maintenance free, HPLC detector. The described assay is based on the generation of hydroxyl radicals by a Fenton-like reaction. pHBA was used for their detection. We have used the same reaction conditions (time of the reaction and the concentrations of Fe (II) and H 2 O 2 ) as elaborated earlier [5, 6] .
Experimental procedure

Instrumentation
Measurements were performed by means of a chromatograph comprising an Interface Box, 4 channel Smartline Manager 500 with Degasser K-5004, Solvent Organizer K-1500, Dynamic Mixing Chamber, HPLC Pump Smartline 1000, UV/Vis Diode Array Detector Smartline 2600 K-2600, 20 μl D-14163 injection valve, Eurochrom 2000 chromatographic data acquisition and analysis software (all from Knauer GmbH, Berlin, Germany) and Smartline 400 Column Thermostat (Industrial Electronics, Langenzersdorf, Austria). Samples were separated on a Eurospher RP-18 5 µm, 250×4 mm I.D. (Knauer, Berlin, Germany) column. The system has been controlled, and data acquisition performed on the IBM PC type computer with Eurochrom 2000 and Clarity Chrom V 2.6 2007 software. pH was measured using a PH-meter OP-208/1 (Radelkis, Budapest, Hungary) with an OSH 10-10 electrode (Metrohm, Herisau, Switzerland).
Reagents
Gallic, 3,4-dihydroxybenzoic (DHBA) and p-hydroxybenzoic acids, FeSO 4 , phosphate buffered saline (PBS) tablets and HPLC grade methanol were obtained from Sigma (St. Louis, MO, USA). All other reagents (Fluka, Buchs, Switzerland; Alchem, Poland; Inform, Poland and POCh, Gliwice, Poland) were of analytical-reagent grade and were used without additional purification. Water was distilled three times from quartz equipment. Mobile phases were filtered through a (0.22 μm) membrane filter (Millipore, Bedford, USA). Different commercial types of honeys such as buckwheat, linden, honeydew, multi-flower and robinia were purchased from the local beekeeper.
Procedures
Hydroxyl radicals were generated by the Fenton reaction (Fe 2+ + H 2 O 2 → Fe 3+ + OH¯ + • OH) at (37ºC) by a 7 min incubation of (final concentration) (2 mM) Fe 2+ and (0.03%) H 2 O 2 in (50 mM) a phosphate buffer (pH 7.4) in the presence of (1 mM) pHBA and, eventually, analyte. The product of reaction of pHBA with hydroxyl radicals, namely DHBA was detected photometrically. A sample added to the reaction mixture decreased its absorbance because of a competitive reaction with the radicals. This assay enables the comparison of the • OH radical scavenging performance with that of various substances, measured as a decrease in the DHBA peak height.
Chromatographic experiments were performed with a flow rate of 1.0 mL min -1 . The column was equilibrated at (20ºC) for (1 h) prior to the chromatographic measurements. A phosphate buffer (pH 6.6) was used for the mobile phase. (10 mM) stock solutions of the analyzed compounds were prepared in the water that was distilled three times from quartz and diluted to the required concentration before use. Samples (20 µL) were injected using an autosampler. An output signal from the UV detector working at 205 nm was continuously displayed on the computer giving the highest signal for DHBA.
The selected honeys were dissolved in water at a ratio of 1:10 w/v and filtered through a (0.22 µm) Millipore filter.
Data analysis
The measurements of the antioxidant capacity were repeated three times for each sample, and the results were averaged and expressed relative to the average result for the control samples containing no analyte. Intrasubject comparisons were performed by using the Student's t-test for dependent variables. The significance was set at P < 0.05.
Results and discussion
Results show (Fig. 1) that the sensing compound (pHBA) and product of its reaction with hydroxyl radicals (DHBA) are easily separated in the reversed phase system. TAP is expressed as the difference of the surface areas of the DHBA peaks obtained with and without the sample.
As a mobile phase, the buffer with pH 6.6 is used. Both acids separate distinctly in 5 min. The first peak on the chromatogram is related to hydrogen peroxide. DHBA, as a more polar species, is eluted earlier. The DHBA peak is much smaller than the peak of pHBA. However, it is high enough to allow measurement of its decline after adding the sample to the reaction mixture. The competition between the sample and pHBA for the hydroxyl radical, decreases the DHBA peak. The smaller peak of DHBA compared to pHBA, seen in Fig. 1 is caused by its smaller concentration, generated in the Fenton reactioncompared to the pHBA used in the reaction. It means that only a small part of the pHBA interacts with the hydroxyl radicals. However, the DHBA molar absorption coefficient is higher than that of pHBA (Eqs. 1 and 2). Linear calibration curves for both acids have been obtained:
where S DHBA and S pHBA denote surface areas of DHBA and pHBA peaks and c DHBA and c pHBA their concentrations, respectively. Detection limits (LOD) for pHBA and DHBA were equal to 6×10 -7 M and 3×10 -8 M, respectively, for the ratio signal/noise = 3. The upper limit of the linear dynamic range for both acids was about 5×10
-5 M. The relative standard deviation (RSD) of the peak area (hence the TAP) DHBA did not exceed 5%.
Results show that no other peaks, e.g. side reaction products, were observed on the chromatogram (Fig. 1) . Because of universality of the UV detector, it is important to ensure that no other peaks from the sample overlap the DHBA peak. This interference has been tested using samples from different kinds of honeys (Fig. 2) .
Results show that only buckwheat honey contains DHBA (or pHBA producing DHBA) or any other compound retained at the same time (about 3.2 min). However, the surface area of this peak is as small as 0.17% of the surface area of the usually obtained DHBA peak. This means that the surface area can be neglected because it does not influence the TAPs.
Hydroxyl radicals generated in the Fenton reaction react with both pHBA and the sample. Because of competition between both reactions, a decrease of the surface area of the DHBA peak is observed after the sample is added to the reaction mixture. Therefore TAP can be expressed as: ( 3) where S DHBA and denote surface areas of DHBA peaks recorded with and without the sample, respectively.
TAP is a function of concentrations of all antioxidants present in the sample multiplied by the kinetic rate constants of their reaction with the hydroxyl radicals. This means that a linear dependence between the decrease of the surface area of the DHBA peak and the sample concentration (or amount) is expected, as can be depicted Fig. 3 , for a small sample concentration.
At higher concentrations an asymptote has been obtained because the DHBA peak on the chromatogram nearly disappears. However, if TPA is expressed as the change of the DHBA peak surface area, then the comparison of theTAP values which use different methods is difficult. Therefore [9] , frequently TAPs are related to a well described, stable antioxidant. Such a compound has some limitations, specific for the Fenton reaction: it should be water soluble and not strongly complex iron (II, III) ions or reduced iron (III) ions. Therefore, frequently used ascorbic acid is not applicable for this purpose. We have used gallic acid (GA) [10] instead. The results are expressed using a GAE (gallic acid equivalent) unit which is equal to 1 mg GA g -1 of honey. TAPs can be obtained from the calibration curve obtained for GA: (4) where α (=1978; R 2 = 0.996) denotes slope of the calibration curve.
The elaborated assay has been tested on different types of honey (Fig. 4) . It was found that buckwheat honey is characterized by having the strongest antioxidant (antiradical) properties. ). Chromatographic conditions as in Fig. 1 . Data are presented as means from 3 independent experiments ± SD.
Conclusions
A UV detector can be used for TAP estimations (in this case hydroxyl radicals generated in the Fenton reaction, and pHBA as a sensing compound). The method based on the most reactive radicals existing in the human body provides the most realistic TAP measurement. This assay can be used for the TAP estimation of different types of honeys. No significant interferences between sample component and DHBA have been observed.
